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(54) A liquid-penetration-resistant sorbent laminate. 

(57) A laminated composite material containing sorbent particles which are protected from contact by 
liquids. The materials can be used in devices to sorb gases and vapors and are suitable for use in 
chemical protective clothing. 
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FIELD OF THE INVENTION 

The present invention relates to composite laminated materials for sorption of harmful or noxious vapors. 
5 BACKGROUND OF THE INVENTION 

For convenience in handling powdered sorbent materials methods such as encapsulation of the powders, 
or forming mixtures of the powders and plastic resins Into flexible sheets, or adhering the powders to flexible 
supports are known. 

10 Plastic resins including polyolef ins, poly(methyl methacrylate), polyvinyl alcohol), ABS resins, and the like, 

have been mixed with sorbent powders and formed into sheet These products have little or no gas permeability, 
and their rate of sorption is poor because the surface of the sorbent is substantially coated with the plastic resin. 

Constructions in which sorbent powders are adhered to fabric or cloth supports with adhesives also have 
drawbacks, in that they have low durability as the sorbent powders can be easily dislodged by mechanical ac- 

15 tion. If the sorbent powders are adhered with sufficient adhesive to provide good durability, the sorbent surface 
is substantially coated with adhesive and the rate of sorption is poor. 

Filters and other porous media comprising composite layered constructions containing powdered sorbent 
materials designed to adsorb, absorb, detoxify, or react with harmful or noxious vapors are known in the art. 
Likewise, protective clothing for hazardous or toxic chemicals comprising composite layered constructions con- 

20 taining powdered sorbent materials are also known in the art. 

Such products and articles are often porous, that is, they have continuous pores or passageways through 
them so that gases and vapors can easily enter or pass through them thus accessing the sorbent powders. 
These products and articles function very effectively in dry environments or under conditions in which they 
are not contacted by liquids. When contacted by water, organic solvents, or other organic liquids, the sorbent 

25 powders may be wet by the liquids and their ability to sorb gases and vapors greatly reduced. 

"Liquid barrier" layers designed to prevent passage of harmful liquids may be used, and are typically posi- 
tioned so as to prevent direct contact of the liquid with the sorbent material. Some such "liquid barriers" are 
air-permeable fabrics which have been treated with repellent finishes. Such systems lack in that they will allow 
aerosols and particulates to pass through, and with minimum pressure, liquids will pass. Other air-impermeable 

30 "liquid barriers" provide adequate protection against liquids but are water-vapor-impermeable or have limited 
water-vapor-permeability. Clothing lacking water-vapor-permeability do not "breathe", i.e. allow passage of wa- 
ter vapor and thus, are uncomfortable to the wearer. 

SUMMARY OF THE INVENTION 

35 

This invention provides a powdered-sorbent-containing composite layered material that protects the sor- 
bent from contact and contamination by liquids, and that has good vapor permeability thus providing for pas- 
sage of water vapor therethrough and sorption of harmful and noxious vapors and gases. 

In its simplest form the invention is a layered construction of a liquid-penetration-resistant water-vapor- 
40 permeable composite material comprising at least two layers of porous f luoropolymer film, each of the f luoro- 
polymerfilm layers having a continuous non-porous coating of water- vapor-permeable adhesive on the sides 
facing each other and each of the coated fluoropolymer film layers separated by a layer of sorbent particles 
bonded to the adhesive coating. 

Another embodiment of the invention is the form described above having a layer of woven, knit, or non- 
45 woven fabric laminated to at least one outer surface to provide additional mechanical support and protection. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a cross-sectional view of the embodiment of the invention described in claim 1. 
so Figure 2 is a cross-sectional view of another embodiment of the invention described in claim 5. 

Figure 3 is a cross-sectional view of an embodiment of the invention having multiple sorbent layers. 

DETAILED DESCRIPTION OF THE INVENTION 

55 Referring to Figure 1 , the composite layered material of the invention can be prepared by coating a surface 

of a first porous fluoropolymer film ± with a continuous non-porous layer of water-vapor-permeable adhesive 
2 upon which a layer of sorbent particles 3 are dispersed and bonded. In like manner, a second porous fluo- 
ropolymer film 1 is coated with a continuous non-porous layer of water-vapor-permeable adhesive 2 and lam- 
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inated to the sorbent particles 3 to complete the construction shown in Figure 1. 

The porous fluoropolymer film X of the invention should have an average pore diameter less than 10 mi- 
crometers; preferably less than 1 micrometer; and a pore volume of 15 to 95 %, preferably 50 to 95 %. The 
film can be 10 to 300 micrometers in thickness, preferably it is 20 to 100 micrometers thick. Suitable porous 

5 fluoropolymer films may be of polytetrafluoroethylene, tetrafluoroethylene/hexaf luoropropylene copolymers, 
polyvinylidene fluoride, polyvinyl fluoride), and the like. Preferred films are porous polytetrafluoroethylene 
films and, more preferably, porous expanded polytetrafluoroethylene films which are described in USP 
3,953,566 (Gore) and USP 4,187.390 (Gore). 

Various well known conventional adhesives used to adhere porous fluoropolymer films can be-used as the 

10 water-vapor-permeable adhesive of the invention. Adhesives selected from the types including hydrophilic poly- 
urethane resins, such as a compound of Hypol 2000 (TM) hydrophilic polyurethane prepolymer (manufactured 
by W.R. Grace & Co.) and polyethylene glycol; polyamino acid resins, such as Ajikohto (manufactured by Aji- 
nomotoCo., Inc.); and perfluorosulfonic resins, such as Nafion (TM) (manufactured by E.I. Dupontde Nemours 
& Co., inc. and distributed by Aldrich Chemical Co.); and the like, are suitable for this purpose. 

15 The water-vapor-permeable adhesives can be applied to the porous fluoropolymer film surface by con- 

ventional methods such as roll coating and the like. The water-vapor-permeable adhesive can be applied to 
provide a continuous non-porous coating on the fluoropolymer film surface 5 to 100 micrometers in thickness, 
preferably 5 to 50 micrometers thick. The water-vapor-permeability rate of the water-vapor- permeable adhe- 
sive layer should be at least 80 g/m2 per hour. 

20 Conventional, well known sorbents, including those having physisorption or chemisorption characteristics, 

can be used. These kinds of sorbents can be in particle form or fiber form; examples include powdered acti- 
vated carbon and activated carbon fibers, and also include varieties of porous material such as silica gel, alu- 
mina, silica alumina, magnesia, zeolites, and sepiolites, as well as products obtained by surface treating these 
porous materials with an acid or alkali, or those which have previously been made to adsorb a specific organic 

25 or inorganic compound component in order to raise the rate of adsorption with respect to a specific gas com- 
ponent. The adsorbent should be under 1000 micrometers in diameter, and should preferably be under 700 
micrometers. When the particle diameterof the adsorbent is greater than 1000 micrometers, the structure which 
is formed in the interface between the adsorbent and the adhesive resin becomes bulky, and the bonding of 
the adsorbent is inadequate. 

30 By continuing the steps described above it is possible to add layers in the prescribed manner to make the 

composite layered material of the invention having multiple sorbent layers. 

In Figure 2 is depicted another preferred embodiment of the invention in which a layer of fabric 4 is lam- 
inated to the outer surface of the porous fluoropolymer film 1 of the construction shown in Figure 1, and adhered 
by a discontinuous porous layer of adhesive 5 . 

35 Figure 3 illustrates an embodiment of the invention having multiple sorbent layers. In the depicted embodi- 

ment are two layers of sorbent particles 3 adhered on each side to porous fluoropolymer film 1 by a continuous 
non-porous coating of water-vapor- permeable adhesive 2. Fabric layers 4 are laminated to the uncoated sur- 
faces of the porous fluoropolymer film 1 by a discontinuous porous layer of adhesive 5. 

Synthetic polymer fibers or natural fibers in woven, knit, or non-woven porous fabric forms can be used 

40 as the fabric layer 4. 

The adhesive used to bond the fabric layer 4 to the porous fluoropolymer film layer ± may be selected from 
many known in the art. Suitable adhesives may be found in, but not limited to, the classes consisting of ther- 
moplastics, thermosets, or reaction curing polymers. So that moisture permeability through the laminate will 
not be impaired the adhesive is preferably applied, by conventional methods, in a discontinuous porous layer, 
45 for example, at uniform intervals by gravure printing techniques. 

TEST DESCRIPTIONS 

PORE SIZE MEASUREMENT 

50 

Pore size measurements were made using an automated liquid porosimeter (Coulter Porometer, Coulter 
Electronics, Inc.) according to the procedures described in ASTM E 1294-89 (Standard Test Method for Pore 
Size Characteristics of Membrane Filters using Automated Liquid Porosimeter). 

55 WATER- VAPOR PERMEABILITY 

Measured in conformity with Test Method JIS-L-1099-B. Results are reported as grams/square meter per 
hour. 
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LIQUID-WATER PERMEABILITY and TOLUENE PERMEABILITY 

1 ml of water and 1 ml of toluene were applied to one side of a sample. The other side of the sample was 
examined after five minutes had elapsed to determine if any liquid had permeated through the sample. Results 
5 are reported as follows: 

0 : no permeated liquid present 
X : permeated liquid present 

CARBON TETRACHLORIDE ADSORPTION 

10 

Pre-weighed test samples are suspended in a laboratory desiccator jar above a pool of carbon tetrachlor- 
ide. The desiccator is placed in a temperature-controlled chamber maintained at 40 degrees centigrade for a 
period of 16 hours after which it is removed from the chamber and allowed to cool to room temperature. The 
samples are then removed from the desiccator and reweighed. Weights are recorded to the nearest milligram. 
15 The initial weight of the sample, W1 , is subtracted from the final weight of the sample, W2. The difference 

in weight is the amount of carbon tetrachloride adsorbed by the sample. The results are reported as milligrams 
(carbon tetrachloride) per square meter (sample surface). 

Example 1 

20 

A knit fabric of nylon fibers, having a weight of 55 g/m 2 was laminated to a porous expanded polytetra- 
f luoroethylene f ilm having 85% pore volume, 0.2 micrometer average pore diameter, and 25 micrometer thick- 
ness; using a polyurethane adhesive. The polyurethane adhesive, HI-BON 4032 (TM) (manufactured by Hitachi 
Kasei Polymer Co.), was applied in discontinuous form by gravure printing techniques and covered approxi- 
25 mately 40% of the porous expanded polytetraf luoroethylene film surface. The laminate thus formed is identified 
as Laminate A. 

Next, a water-vapor-permeable polyurethane resin was applied by roll coater at a solid component appli- 
cation weight of 5 g/m 2 , to the film side of Laminate A. The water-vapor-permeable polyurethane resin was a 
compound of Hypol 2000 (TM) hydrophilic polyurethane prepolymer and polyethylene glycol having OH/NCO 

30 groups in equivalent ratio of 0.9. Prior to drying the resin, adsorbent carbon particles were uniformly dispersed 
onto the resin surface; following heat treatment at 160 Cfor 5 minutes, the unbonded carbon particles were 
removed, leaving a layer of particles weighing 240 g/m 2 . The adsorbent carbon particles, BACMP (TM), were 
approximately 500 micrometers in diameter and were manufactured by Kureha Chemical Industry Co., Ltd. This 
material is identified as Laminate B. 

35 Then, the water-vapor-permeable polyurethane resin described above was applied by roll coater to a sec- 

ond piece of Laminate A at a solid component application weight of 10 g/m 2 and, prior to drying, laminated to 
Laminate B with the resin surface in contact with the carbon particles. This material is identified as Laminate 
C. 

40 Example 2 

A multiple sorbent layer example was made by laminating a layer of Laminate B, prepared as described 
in Example 1 above, to each side of porous expanded polytetraf luoroethylene film described in Example 1, 
after coating each side of the film with a layer of the water-vapor-permeable polyurethane resin used in Ex- 
45 ample 1. The water-vapor- permeable polyurethane resin was applied by roll coater at a solid component ap- 
plication weight of 10 g/m 2 . The layers of Laminate B were bonded with the carbon sorbent particles facing 
inwardly thus producing a layered composite having two layers of sorbent particles and having fabric on both 
outer surfaces as shown in Figure 3. This material is identified as Laminate D. 

Samples of Laminates C and D were tested for water-vapor-permeability, carbon tetrachloride adsorption, 
so and liquid-water and toluene permeability. Test results are shown in Table 1. 
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TABLE 1 



5 


Sample 


Laminate 
Weight (g/m2) 


Water-vapor 
Permeability 
(g/m2/hour) 


CCL4 

Adsorption 

(mg/cm2) 


Liquid Water 
Permeability 


Liquid Toluene 
Permeability 




Laminate C 
Laminate D 


400 
634 


320 
190 


11.4 

25.5 


0 
0 


0 
0 



As shown in Table 1 , Laminates C and D of the present invention were outstanding in terms of gas adsorp- 
tion and water-vapor-permeability, and were not susceptible to liquid penetration. 

Additionally, both Laminates C and D were sufficiently flexible and durable for use as clothing materials. 
For example, Laminates C and D were washed for 10 washing cycles in a household washing machine and 
exhibited virtually no deterioration of the laminate or damage to the carbon particle base. 

The composite laminated materials of the invention surprisingly provide exceptional resistance to through- 
penetration of liquids while at the same time having good vapor permeability thus providing for passage of water 
vapor and sorption of harmful and noxious vapors. 

The porous fluoropolymer films are inherently hydrophobic and the preferred porous expanded polytetra- 
f luoroethylene films provides excellent resistance to penetration by liquid water or other aqueous liquids, thus 
providing a measure of protection to the water-vapor-permeable adhesive coating. Furthermore, the fluoropo- 
lymer films are chemically inert and resistant to attack by most chemicals. The non-porous water-vapor-per- 
meable adhesive coating provides a continuous barrier to penetration by other liquids but can be permeated 
by gaseous diffusion at molecular levels thus providing for passage of water vapor and sorption of other vapors 
and gases by selected sorbents. 

By combining the liquid-penetration-resistant water-vapor-permeable with porous materials, such as tex- 
tiles and fabrics, that provide increased support and mechanical protection, strong flexible laminates suitable 
for many uses can be made, for example, abrasion-resistant noxious gas adsorbing filters, chemical protective 
clothing, and the like. 



Claims 



1. A liquid-penetration-resistant water-vapor- permeable composite material comprising 

35 (a) at least two layers of porous fluoropolymer film, each having on the surfaces facing each other 

(b) a non-porous coating of water-vapor-permeable adhesive; 

said porous fluoropolymer films separated by a layer of sorbent particles bonded to said water-vapor- 
permeable adhesive coating. 

2. The liquid-penetration-resistant water-vapor-permeable composite material of claim 1 wherein the water- 
40 vapor- permeable adhesive is a hydro philic polyurethane adhesive. 

3. The liquid-penetration-resistant water-vapor-permeable composite material of claim 2 wherein the porous 
fluoropolymer film is expanded polytetraf luoroethylene. 

45 4. The liquid-penetration-resistant water-vapor-permeable composite material of claim 1, 2, or 3, wherein 
the sorbent powder particles are selected from the class consisting of carbon, alumina, or silica. 

5. The liquid-penetration-resistant water-vapor- permeable composite material of claim 4, wherein at least 
one outer surface of the porous fluoropolymer film is laminated to fabric. 

50 
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FIG.1 
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